Urban runoff pollution due to suspended particles is of great concern for sewer system managers. This paper presents a new conceptual model called RQSM (Runoff Quality System Model) used to simulate the washoff (erosion and transport of particle) of total suspended particles (TSS) at the outlet of urban catchments. The RQSM model was validated with the help of 285 TSS data points monitored during 22 rainfall events. Four rainfall events were monitored in the subcatchment (1) of Verdun borough in Canada and 18 rainfall events were monitored on three subcatchments in Champaign city (USA). The simulated loads of the RQSM model were compared to the simulated loads obtained with the "rating curve" model and with the SWMM exponential washoff model. The performance criteria showed that the results given by the RQSM model are equivalent to the results given by the rating curve model and the SWMM exponential washoff model. A sensitivity analysis that was conducted on the RQSM model places of interest the influence of every parameter on the simulated loads.
Introduction
One of the municipality's interests is minimising the impact due to the pollution of stormwater in the natural environment. For real-time management of sewers network, the knowledge of the pollutograph associated to a rainfall event appears necessary to maximize the interception of pollutants. The estimation of the quantities of washoff suspended solids in the outlet of catchment allows estimating the level of runoff pollutions [11] . The cycle of the solid particles on an urban catchment is a complicated process; it consists of a stage of accumulation of the solid particles on the catchment in period of dry time and a stage of washing of the solid particles in times of rainoff. The erosion of soils in urban environment is a complex phenomenon and difficult to apprehend which was principally modeled with the aid of conceptual approaches. The simplest conceptual model "rating curve", the exponential model of software, the washoff model software of STORM, the washoff model of software HSPF, the model developed for the software HORUS, are models which introduce advantages to represent the physical phenomena implicated in the soil leaching. On the other hand, they use data which are rarely available or costly to acquire. The loads of suspended solids can also be calculated with the aid of statistical models [6] . Unfortunately, these models are only valid for sites where they were developed [7] . The "rating curve" model uses the runoff like the only explanatory variable of the erosion phenomena. The model of exponential washoff is used on the SWMM software; it takes into consideration the accumulated mass of solid particles.
This paper presents a new conceptual washoff model of the TSS in urban systems. The offered model will be validated with the aid of measurements of TSS performed on field. The results of the offered model will be compared with the results of exponential model and the model of "rating curve".
Moreover, the parameters of the offered model will be the object of an analysis of sensitivity.
Formulation of RQSM model

Erosion of solid particles model
The erosion process is related to the rainfall kinetic energy [12] . The following equation presents the kinetic energy of the precipitation KE (J.m -2 h -1 ) according to the uniform intensity of the rain I (mm/h) [10] :
whereα and β, parameters related to macroscopic process formation of the drops of rain. The infinite accumulation hypothesis conducts to express the erosion rate mp imp (2) where Kp imp , the coefficient of the erosion per unit of impervious areas (kg/J). The erosion rate per unit of pervious areas mp per (kg.m -2 .s -1 ) starts when the rainfall intensity is above to the capacity of infiltration; it is given by the following equation:
where Kp per , the coefficient of the erosion per unit of pervious areas (kg/J); f, the capacity of infiltration of pervious areas (mm/h). The erosion rate mp per given by the equation (3) is null when f (t) ≥ I (t).
Transport model of the solids particles
By using the linear system theory [2] , the transport model, with TSS concentration C (kg.m -3 ), on the depth runoff is given by the following equation:
where ml represents the load of suspended particles (kg/s); moreover the equation (4) can be rewritten as follows:
where mp is the erosion rate of suspended particles per unit of area (kg·m -2 .s -1 ). Depth precipitations are generally measured in step of variable time. Then they were sampled in constant time's steps and transformed into intensities. By choosing a step of time of unit sampling of 1 minute length, the convolution product between the erosion rate per unit of area and the response of the catchment is given by the following equation: 
And for
where u imp ; u per represent impulse response of impervious and of pervious areas (m 2 /min) respectively ; A, the area of the catchment (ha); IMP, the fraction of impervious area directly drained; tc, the time of concentration of the catchment (min); n and i, indices of time; n p , the final indices of vector of the erosion rates per unit of area. Three comments to be made about the RQSM model. Firstly, the RQSM model dissociates the contribution of impervious and pervious areas. Secondly, this model uses only intensity of precipitations to describe the transport of TSS. Finally, the representatively of this model is related to the measure's precision of the precipitation intensity. Consequently, a resolution inferior or equal to five minutes is recommended for the measure of the precipitation intensity.
Validation of RQSM model
The sites
The RQSM, the "rating curve" and the exponential models were calibrated and validated with the help of 285 measures of TSS load. These measures were realized during four rainfall events [4] monitored in the subcatchment (1) of Verdun borough in Montréal (Canada) and 18 rainfall events [9] monitored on three subcatchments in Champaign city (USA). For those 22 rainfall events, the intensity and the flow at the outlet of catchments were monitored in a step of 5 minutes. The calculation of the kinetic energy of precipitations was realized by taking α equal to 11 and β equal to 1,24 [10] . Moreover, the calculation of the infiltration capacity of impervious areas was realized by the aid of the Horton's model modified [3] . This model fluently used on urban system, takes into consideration the initial capacity of infiltration of the soil (f 0 ), of the final capacity (f ∞ ) and of the temporal reduction of the infiltration capacity (K). Table 1 describes the physical characteristics of the used subcatchments. The areas, the slopes and the occupation of soil change sensibly form a catchment to other. The values of these physical characteristics were estimated by using a hydrologic model [5] . They can also be obtained by expressions or by tabulated values [2] . 
Calibration of the three washoff models
The performance of such model of simulation can be evaluated by the aid of these three indicators: Coefficient of Nash, Mass ratio and the ratio of peak. The precision of simulated washoff load is good as Nash is close to unit. In urban hydrology, a precise simulation of runoff flow conducts to a Nash superior to 0,8. For the simulation of runoff quality, this coefficient can be lowered to 0,6 www.witpress.com, ISSN 1743-3541 (on-line) because of several incertitude surround measurement of pollutants [1] and of the complexity of physical mechanisms to be modelled.
In the case of the subcatchment of Verdun, an event which the intensity did not exceed the capacity of infiltration of the impervious area was used to calibrate parameter Kp imp . Later, an event which the intensity exceeded the capacity of infiltration of the pervious area was used to calibrate parameter Kp per . In fact, an event presenting a weak intensity does not saturate the soil of the pervious area. As a result, the erosion will only be at the impervious areas. On the other hand, an event presenting a strong intensity saturates the soil of the pervious area, thus generating the erosion of the pervious and impervious areas.
For the three subcatchments of the city of Champaign, rainfall events were not important enough to contribute to the pervious areas. As a result, just coefficient Kp imp was calibrated. Table 2 gives parameter values after the calibration of RQMS, "rating curve" and exponential models. These values bring two comments. Firstly, the accumulated mass Ma (0) of the exponential model and the coefficient of erosion Kp imp of the RQSM model do not seem to be correlated in the catchment's area or in the occupation of soil introduced in table 1. Secondly, the parameter k of the exponential model introduces strong variations between the different subcatchments. These variations are explained to a great extent by the use of a model of instantaneous accumulation. In fact, the parameters of models RQSM and "rating curve" have amplitude of variation less than the exponential model while they use a model of infinite accumulation. 
Comparison of the three models of washoff
The pollutographs of TSS provided by RQSM, exponential and "rating curve" models were compared with the 11 measured pollutographs remaining. The value of the indicators of performance after simulation is provided in table 3.
The three models provided a pollutograph near to the pollutograph measured for 50% of the measured events. The RQSM model has modelled the mass of TSS washed in a way equivalent to the model of "rating curve" but better than the exponential model. The RQSM model has modelled the peak of the pollutograph in an equivalent means to the "rating curve" model but less although the exponential model. 4 and 5 present two events simulated by RQSM, exponential and "rating curve" models. These two events show that the correlation between the hyetograph and the pollutograph is not essential to provide good results with the RQSM model. On the other hand, a good correlation between hydrograph and pollutograph allows the exponential and "rating curve" models to reproduce better the form of the pollutograph. Nevertheless, it is not synonymous with a good estimate of the load with TSS washed as shown in the figure 5 for the "rating curve" model. On the basis of these results, the comparison of the three models can be misleading since it masks the presence of disparities in the results. In order to have a vision more representative of the performance of RQSM, exponential and "rating curve" models, the mean value of the indicators of performance and their standard deviation are presented in table 4 which the values are the consequence of four sources of different uncertainties. The first comes from uncertainty associated with measurements of the precipitations, the rainfall flows, and especially with the loads of TSS [1] . The second results from the ignorance of the processes of accumulation of the solid particles on impermeable area during the period of dry time. The third comes from the absence of description of the processes of deposition and erosion of the solid particles during the phase of transport. Finally, the fourth source from the use of the models on the no uniforms subcatchments as regards roughness, of slope and distribution of the solid particles. 
The sensitivity analysis of RQSM model
The analysis of sensitivity related to the parameters of calibration Kp imp , Kp per and on the physical parameters Tc, f 0 , f ∞ , K. In fact, the measured or calculated value of these four physical parameters is often surrounded by a great uncertainty. The sensitivity of these six parameters are evaluated by considering the coefficient of Nash. The reference values of these six investigated parameters are presented in table 5. They were used to calculate a pollutograph reference. Thereafter, a variation was imposed on one values of reference of RQSM model. The new pollutograph thus obtained was used with the pollutograph of reference in order to calculate the coefficient of corresponding Nash. The analysis of sensitivity was conducted with aid the two following rains:
• • rain (1): I = 10 mm/h; duration: 240 min.
• • rain (2): I = 80 mm/h; duration: 25 min.
The rain (1) generates a height of water lower than the capacity of infiltration of pervious areas defined by the parameters of reference of the RQSM model. On the other hand, the rain (2) generates a height of water higher than the capacity of infiltration of pervious areas. By consequence, the rain (1) leaches only impervious areas whereas the rain (2) leaches pervious and impervious areas.
The results of the sensitivity analysis for the rain (1) are presented at figure 6(a). They bring two important remarks. Firstly, the variation of the Kp imp parameter generates a strong increase of the coefficient of Nash. As result, Kp imp should be thoroughly calibrated. Finally, the variation of time of concentration generates a weak reduction of Nash. Consequently, an approximate value of tc can be used for the rains of low intensity and duration higher to tc.
The analytical results of the sensibility of rain (2) are presented in figure 6 (b). They bring 4 important points. Firstly, the variation of the Kp imp parameter generates a higher increase in the coefficient of Nash like for the rain 1. On the other hand, the variation of the Kp per parameter practically does not decrease Nash. Nevertheless, this parameter can become influential in the event of extreme rain or for a pervious area having a low capacity of infiltration. Secondly, when the duration of rain is higher than tc, the variation of tc generates a greater reduction of Nash than the variation of Kp imp . On the other hand, when the duration of rain is less than tc, the influence of tc decreases significantly and becomes even lower than the variation of Kp imp . Thirdly, an important variation of the initial capacity of infiltration (f 0 ) generates an important drop of Nash. Moreover, the under-estimation of the initial capacity of infiltration generates a reduction of Nash more important than its overvaluation.
www.witpress.com, ISSN 1743-3541 (on-line) Finally, the variation of the final capacity of infiltration (f ∞ ) and the coefficient of reduction (K) caused a negligible reduction of Nash. As a result, the variation of these parameters was not introduced in figure 6(b) to ease reading. These results of the infiltration parameters for the Horton model are similar to the observations given by the sensibility analysis of the non-linear model reservoir of SWMM software [8] . 
Conclusion
The present article places of interest an original conceptual approach to model the load of washoff of suspended solids on the urban catchments. The originality of the RQSM model results on the one hand, from the use of the kinetic of precipitations to simulate the erosion of solids particles, and on the other hand, the use of the linear systems theory to represent the TSS transport in the catchment's area. The RQSM model presents three points. Firstly, it uses only the intensity of precipitations to calculate the load of TSS washed off in the outlet of urban catchment. Secondly, it dissociates the contribution in TSS of the pervious and impervious areas. Finally, only two parameters of the RQSM model require a calibration. The RQSM model has simulated the measured TSS, in the outlet of four urban subcatchments located in North America, with a precision level identical to the two proven conceptual models.
The analysis of sensitivity of the RQSM model showed that two parameters had a significant impact on the simulated pollutograph.
Encouraging results acquired with the RQSM model allow envisaging an extension of its application to other pollutants. 
